The adult health benefits of early childhood education have only been studied in a randomized controlled trial once before. 16 That study, the Perry Preschool Program (PPP), found that a moderately intensive parental and prekindergarten program reduced risky health behaviors in former participants (relative to the control group) by 40 years of age. The Carolina Abecedarian Project (ABC), a small, intensive program designed to enhance cognition and language development starting in infancy, afforded another opportunity to explore this relationship through young adulthood, with randomized data. 17 ABC produced large improvements among treated children (relative to control participants) in IQ by 3 years of age, higher reading and math achievement by 15 years of age, lower rates of teen pregnancy and depression, and greater likelihood of college enrollment at 21 years of age. 18, 19 We investigated whether ABC also improved adult behavioral risk factors and health.
METHODS
Participants were identified with the help of local service agencies and prenatal clinics and were included if they (1) were healthy and (2) were scored as high risk for poor educational outcomes according to a weighted, 13-item sociodemographic risk index. 20 Four cohorts of infants (n =111; mean age =4.4 months) were enrolled in ABC beginning in 1972 and ending in 1977 ( Figure 1 ). When they were aged 21 years, 105 participants were alive and eligible for follow-up. In that and subsequent follow-up studies, all participants, regardless of whether their data was complete across the entire intervention period (infancy to 8 years of age), were recruited and surveyed. One individual declined to participate at 21 years of age, leaving 104 participants: 53 who had received the preschool intervention and 51 who had not.
Intervention and Control Groups
The first phase of the intervention included an age-appropriate curriculum designed to enhance cognition and language development starting in infancy. In addition, parents received social services and support as needed. Treated children received their primary pediatric care at the child care center; control group children had access to well-baby care at low-cost clinics in the area.
Both the intervention and control participants received nutritional supplements and social work services. These measures were intended to ensure that any cognitive enhancement could be more definitively attributed to early educational intervention rather than to enhanced nutrition (treated children in the intervention received 2 meals and a snack as nutritional supplements at the child care center) or to parental intervention. Some of the control children were enrolled in other programs within the community that also provided early child care and preschool services.
Statistical Analyses
We conducted an intent-to-treat analysis, comparing the cohort originally assigned to receive treatment with the cohort originally assigned to the control group. We did not have adequate information on participant exposure to conduct a treatment-on-treated analysis.
The sample size was small. As a result, we did not have adequate statistical power to detect a clinically meaningful effect size for any 1 health outcome measured within ABC. In Objectives. We explored whether a successful randomized controlled trial of early education, the Carolina Abecedarian Project (ABC), which enrolled infants from 1972 to 1977 at the Frank Porter Graham Child Development Institute in Chapel Hill, North Carolina, improved health outcomes and behaviors by 21 years of age.
Methods. ABC randomized 111 infants to receive an intensive early education program or nutritional supplements and parental counseling alone; participants have been followed to the present day. We examined the effect of ABC on health outcomes and behavioral risk factors when participants were aged 21 years, and then explored the mediators of this relationship.
Results. Relative to the control group, the ABC treatment group was previously found to have improved cognition and educational attainment. We found that the intervention also improved heath (P = .05) and health behaviors (P = .03) when participants were aged 21 years. These improvements in behaviors were not mediated by IQ, math and reading scores at 15 years of age, educational attainment, or health insurance. addition, many outcomes were measured, requiring correction for multiple comparisons. We therefore needed to ascertain whether effects were generally beneficial or detrimental across broader categories of health outcomes. We combined outcomes into 2 larger groupings (health and healthy behaviors) and employed joint testing.
The data encompassed 3 health measures and 11 measures of behavioral risk factors. The health measures were the number of selfreported health problems since 15 years of age, a depression index score, and the number of hospitalizations in the past year. The depression index score was determined with the Brief Symptom Inventory, a 53-item questionnaire that measures various dimensions of affect and psychopathology. 21 The 11 measures of behavioral risk factors concerned traffic safety, drug use, and access to primary care. The traffic safety measures recorded seat belt use, drunk driving, and riding as a passenger with a drunk driver, all coded as always, sometimes, rarely, or never. The drug use measures were number of binge-drinking episodes per month, defined as more than 5 drinks on any occasion, age when respondent started drinking, tobacco use (both the number of cigarettes smoked per day and the age when the respondent began smoking regularly), both the frequency and the age of initiation of marijuana use, and an indicator for whether cocaine was ever used. A final measure asked whether the respondent had a primary care doctor.
We first estimated regression models for each outcome measure under study, with controls for mother's age at program entry, whether a father was in the household at childbirth, child's gender, and mother's years of education at program entry. We added covariates to reduce noise in the dependent variable, thus improving the precision of our estimates. We estimated linear regression models for all continuous variables, order logit regression models for all ordinal variables, and logit regression models for all binary variables.
Because our dependent variables came from the same participants, reporting estimates based on these series of regressions would ignore the correlation of error terms, thus leading to invalid statistical inference. To account for this correlation, we estimated these models via seemingly unrelated regression (SUR) to obtain a single variance-covariance matrix for all regression equations, enabling us to account for the joint determination of outcomes. 22, 23 By estimating equations as a set, we detected whether effects were generally beneficial (or adverse) over a broader health category with multiple outcomes. Because estimates from our SUR model assessed statistical significance for only 2 broadly defined categories, we did not have to correct for multiple comparisons.
With prospective data, we were able to investigate not only whether early education interventions affect health, but also how. 24 However, limited variables were available in our data set: IQ, achievement in math and reading by 15 years of age, educational attainment, and health insurance. We tested for mediation by adding these variables to our regression models and assessing the degree to which estimates of the treatment effect changed. We examined each separately and also tested mediation after grouping the first 3 into a combined category: cognitive achievement.
RESULTS
We noted no statistically significant differences in sociodemographic characteristics by group assignment, verifying that random assignment was successful (Table 1) .
Our results are shown in Table 2 . Although scanning the individual coefficients broadly indicates effects, the effect size of any 1 outcome measure was not meaningful because of insufficient power and because inference was not corrected for multiple comparisons. The joint test of significance for all factors within any 1 category revealed meaningful effects. Table 2 lists mean differences in health and behavioral outcomes between the treatment and control groups. The joint tests for overall health outcomes and for health behaviors were both significant (P = .05 and P = .03, respectively), suggesting that ABC produced an overall improvement in health and health behaviors by 21 years of age.
Participants randomized to ABC treatment were significantly older when they first became regular smokers of cigarettes (5.5 years;
Note. The asterisk refers to the 5 subjects who left the intervention, but were nevertheless followed through age 21 years. P = .02) and marijuana (3.7 years; P = .04). They also showed a tendency to smoke marijuana 4.2 fewer times in the past month than did control participants (P = .06). Because these measures were not corrected for multiple comparisons (e.g., via Bonferroni), they should not be interpreted as meaningful by themselves. We found no mediating influence of IQ, reading or math scores at 15 years of age, educational attainment, or health insurance (not shown).
DISCUSSION
We found that ABC treatment significantly improved health and reduced behavioral risk factors by 21 years of age. PPP was the only other randomized controlled trial to explore the impact of early education enhancements and adult health behaviors. 16 Cohort sizes were similar in PPP and ABC, but the PPP intervention was less intensive than was the ABC intervention. Our data characterized ABC participants at 21 years of age; PPP followed participants until they were 40 years of age. Although some of the behavioral risk factor survey questions in ABC were the same as those in PPP, many were not. However, both studies grouped individual outcomes into broader categories via the same analytical approach, SUR, to test for whether effects generally occurred for health and health behaviors. By the time the treated PPP participants were aged 40 years, they had significantly fewer behavioral risk factors than did the control group (P = .01). 16 Moreover, scores in the subcategory measures pertaining to health status (self-rated health, stopped working because of poor health, and mortality) were also significantly better in the intervention group (P=.01). However, the treated group was more likely than was the control group to have self-reported or medically diagnosed conditions, an effect that persisted after control for health insurance. The net health effects were not better for the intervention than for the control group in the SUR analysis across all health outcome categories. In contrast to the PPP study, the combined health measures in ABC were statistically significant. Although our results were largely consistent with those of PPP, we found a major difference in the mediation results. Educational attainment and health insurance proved to mediate Our study had several limitations. Although derived from a randomized controlled trial, our data were limited by our inability to conduct a treatment-on-treated analysis. Our intent-totreat analysis produced conservative estimates of treatment effects because some experimental participants received little treatment, and some control group participants received early education elsewhere. Although our findings were likely conservative and internally valid, the intervention we tested was highly localized, so its generalizability is less certain. Finally, our approach, SUR, weights all outcome variables within a category equally. Thus, outcomes such as cocaine use, seat belt use, and binge drinking were all given equal weighting as behavioral risk factors, although some may have been more important than others.
Because they may improve income, reduce crime, and enhance the global competitiveness of the American workforce, early education enhancements are hypothesized to be more cost effective than many traditional medical and public health approaches to improving population health. 15 Our study provides causal evidence in support of this hypothesis, but much remains to be learned about both the pathways linking education to health and the overall effect sizes of education on health. j 21 Comparison was made to a control group. *P <. 1; **P <.05. Note. The intervention group was the baseline comparator. Variables were grouped into health outcomes and health behaviors. The outcome of interest was the joint test across each category. Coefficients were adjusted for mother's age at program entry, whether a father was in the household at childbirth, child's gender, and mother's years of education. a Compared with the control group.
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